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© Apparatus for creating a vacuum deposited alloy 
or composition on a substrate having a surface with 
a major axis. The system has a sputtering chamber 
containing a gas and being capable of sustaining a 
relatively high vacuum. At least two target electrodes 
are disposed in the chamber. Each of the electrodes 
is preferably made of a different material. A separate 
electrical power supply is applied to each of the 
electrodes to initiate sputtering activity. The targets 
^are focused with respect to the substrate so that a 
UP) single layer of a homogeneous and uniform alloy can 
CO be formed on the substrate. 
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Apparatus for Creating a Vacuum Deposited Alloy or Composition and Application of such an 

Apparatus 



The present invention relates to systems or 
apparatus for creating alloys, and in particular to a 
system for creating alloys by sputtering. 

In the manufacture of many electronic compo- 
nents, such as integrated circuits, there is a need 
to deposit metallic films on substrates. Materials 
that include copper in particular are often deposited 
on organic or inorganic substrates and then etched 
or otherwise fabricated into the circuits and/or com- 
ponents- 

It is often desirable to use materials that com- 
bine particular physical and electrical characteris- 
tics. The resulting composition or -in the case of 
two or more metals -alloy ultimately benefits the 
electronic system of which it forms a part There is 
often a need, therefore, to mix materials in order to 
obtain the best properties or qualities of each. 

For example, although copper is known to be 
an excellent electrical conductor, its reputation for 
strength and adhesion is not as renowned. In man- 
ufacturing an electrical circuit, a mixture of copper 
and chromium would promote adhesion of a circuit 
line to a substrate while not sacrificing electrical 
conductive properties. 

Titanium nitride is known to have exceptional 
hardness characteristics, but its electrical conduc- 
tive properties are relatively inferior. Accordingly, 
combining titanium nitride with a more conductive 
material, such as gold or copper, results in a rela- 
tively hard material possessing relatively high elec- 
trical conductivity. 

In forming a mixture of two or more materials 
from which an electrical circuit can be fabricated, a 
sputtering process in accordance with the present 
invention is hereinbelow described. 

In the Field of plasma deposition, an atom may 
be displaced from the surface of a target con- 
nected to a cathode by a process called sputtering 
or sputter deposition, in this process, the target 
may be constructed of copper or of another ma- 
terial. The cathode to which the target is attached 
is subjected to a high voltage in an inert atmo- 
sphere such as argon. The inert gas is ionized, 
forming a plasma from which positive ions escape 
to bombard the exposed surface of the target and 
to dislodge by momentum transfer the atoms or 
clusters of atoms of the target material. It is this 
dislodging of the target atoms that is known as 
sputtering. By repeating this process, a number of 
these primarily neutral atoms move through the 
space in front of the target, in a relatively high 
vacuum, until they strike and condense on the 
surface of a receiver, known as a sample or sub- 
strate, which is generally in close proximity to the 



target A coating of atomic or molecular layers of 
target material can thus be built up on the sub- 
strate. The coating, which is generally less than 10 
m, is called a thin film. It is generally sufficient for 

5 the metallization of integrated circuits. 

The most commonly used plasma reactors 
have one target oriented such that the surface of 
the target is plane parallel to the surface of the 
sample on which sputtered atoms are to be depos- 

10 ited. Atoms emitted from the target are distributed 
according to a cosine law. That is, the number of 
atoms ejected from the surface of the target is 
proportional to the cosine of the angle relative to 
the perpendicular at which they are ejected. 

15 Accordingly, atoms ejected from the target per- 

pendicularly and received at the sample surface 
perpendicularly provide optimum atom deposition 
thereof. 

Although plasma reactors containing a single 
20 target structure are most commonly used, the use 
of configurations allowing for two target electrodes 
in one plasma reactor are known in the art. For 
example. United States patent 4,424,101 issued to 
Nowicki discloses a method of depositing doped 
25 silicides using co-sputtering techniques. In this sys- 
tem, two target electrodes are disposed in a cham- 
ber opposite to one or more wafers or other work- 
pieces on which layers of material are to be depos- 
ited. Each target is made of a separate and distinct 
30 material, one of them being doped silicon, to facili- 
tate electrical conductance. Silicon in its pure state 
is not an electrical conductor. The wafers or work- 
pieces are disposed on a rotatable platform be- 
neath the targets and are caused to rotate sequen- 
ce tially thereunder. Thus, the first layer deposited on 
each workpiece is formed of the material of the first 
target As the workpiece is caused to move under 
the second target, a layer of material of the second 
target is built upon it The material that conse- 
40 quently accumulates on the workpiece has two or 
more layers of alternating or interleaved material. 
The resulting material is not homogeneous or uni- 
form and therefore has limited value as an alloy or 
mixture in the common sense of the words. 
45 United States patent 4,415,427 issued to Hidler 

et al discloses a co-sputtering cathode technique 
for depositing doped thin films on substrates. A 
relatively large planar magnetron sputtering appara- 
tus with a rectangular sputter erosion region has a 
so vacant center provided for a diode target for sput- 
tering of a dopant The rectangular portion is used 
as a magnetically enhanced or magnetron sputter- 
ing apparatus which sputters host material. A sub- 
strate is provided adjacent to the magnetron/diode 
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apparatus and is moved relative thereto. Materia! 
from the magnetron is first deposited on the sub- 
strate. As the substrate is moved relative to the 
magnetron the doped material is deposited onto 
the layer of host material, once again resulting in 
• interleaving discrete layers of material (i.e., layer- 

ing) on the substrate. 
^ United States Patent 4,488,956 issued to 

Scherer et a! discloses a cathode system for pro- 
ducing multilayers. The cathode system has one 
cathode on which two target materials are alter- 
nately disposed. Once again, a transport system 
moves the substrates relative to the cathode. The 
material deposited on the substrate comprises al- 
ternating layers of the two materials of which the 
target is composed. 

It would be advantageous to provide a system 
capable of forming mixtures or alloys that are sub- 
stantially homogeneous or uniform throughout the 
thickness of the deposited material. 

Moreover, it would be advantageous to provide 
such a system for forming alloys that could be 
used in a sputtering environment. 

It would also be advantageous to provide a 
system with target cathodes of two or more sub- 
stantially pure materials that could be co-deposited 
onto a substrate. 

It would further be advantageous to provide a 
system in which targets of specified materials are 
efficiently deposited by being focused with respect 
to the substrate for uniform deposition thereon. 

Moreover, it would be advantageous to provide 
a system in which electrical power supplied to 
each target cathode could be controlled so that the 
amount or intensity of sputtering for each of the 
targets could be varied, independently thus allow- 
ing for predetermining the resulting mixture or alloy 
composition. 

It would also be advantageous to create a 
substantially uniform alloy over a relatively large 
area. 

It would further be advantageous to provide a 
shielding mechanism by which materials sputtered 
from one or more targets could be directed to the 
surface in varying amounts. 

It would be advantageous to have a mecha- 
nism by which the creation of an alloy need not be 
uniform for particular applications, and in which a 
layer of initially pure material could blend into an 
i alloy that includes the initial material at predeter- 

mined locations. 

These advantages are realized by systems as 
disclosed in claims 1 , 8 and 1 1 and by an applica- 
tion as disclosed in claim 12. 

Advantageous embodiments of the inventive 
systems are disclosed in the subclaims. 



A complete understanding of the present inven- 
tion may be obtained by reference to the accom- 
panying drawing when taken in conjunction with the 
detailed description thereof and in which FIGURE 1 
5 is a cross sectional plan view of the apparatus in 
accordance with the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
10 EMBODIMENT 

With reference to FIGURE 1, there is shown a 
sectional view of the preferred apparatus of the 
present invention. 

75 A plasma reactor or sputtering chamber 10, 

such as a conventional chamber for use with vacu- 
ums, is provided. Conventional means are pro- 
vided, not shown, for creating a vacuum in the 
sputtering chamber 10. Disposed in the chamber 

20 10 are electrodes 12 and 14. The electrodes 12 
and 14 can be suitably mounted to the interior of 
the chamber 10 with hardware internal to the cham- 
ber by conventional means, not shown, or can be 
mounted with hardware external to the chamber 10. 

25 Mounting hardware external to the chamber 10 
facilitates adjustment and maintenance of the ap- 
paratus. 

Connected to electrode 12 is a first target 16. 
The target 1 6 can be connected to the electrode 1 2 

30 mechanically or, preferably, by bonding, such as 
with a solder glue. Similarly, the second target 18 
is attached to the second electrode 14. 

The material that forms the targets 16 and 18 
can be the same, but for purposes of this invention, 

35 they should be different from one another. For 
example, the first target 16 may be formed from 
any one of the following materials: chromium, cop- 
per, palladium, nickel, ceramic, gold and silver. 
Either electrical insulators or electrical conductors 

40 can be used as target materials. Likewise, semi- 
conductor material, such as doped silicon dioxide 
or gallium arsenide can be used. Even an alloy 
may be used as a target material, such alloy being 
composed of two or more elements. 

45 The material in the second target 18 can also 

be chosen from the aforementioned list of materi- 
als. Thus it is possible, and may be preferable for 
certain applications, to incorporate a first target 1 6 
of chromium and a second target 18 of copper in 

so order to form a film of chromium-copper alloy. In 
an alternate embodiment, either or both targets 16 
and 18 may have two or more materials, all of 
which being deposited onto the substrate 24 by a 
common electrode and power supply combination. 

55 These two or more materials must be focused, 
however, as hereinbelow described, in order for 
proper operation. 
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The electrode-target component 12, 16 is re- 
ferred to generally as a target assembly 19. Simi- 
larly, components 14 and 18 form a second target 
assembly 19a. In alternative embodiments, more 
than two target assemblies, not shown, can be 
Introduced in the chamber 10. In such cases, three 
or more materials can be combined into an alloy 
when electrodes are appropriately energized. The 
specific configuration of the target assemblies is a 
matter of design based on the objectives of the 
operator. 

Target assembly 19 forms a cathode in an 
apparatus powered by a direct current (DC) power 
supply. In an apparatus powered by an alternating 
current (AC) power supply, however, target assem- 
bly 19 would simply be called an electrode. Con- 
ductive material can be sputtered both in AC or DC 
sputtering systems, but nonconductive material can 
be sputtered only in an AC system. 

it should be understood that target assembly 
19 can include magnets, not shown, in which case 
the component is called a magnetron. Such a mag- 
netron having suitable characteristics is available 
from Leybold-Heraeus Technology Inc. as Mode! 
Number PK-500. 

Connected to target assembly 19 is a first 
power supply 20. The power supply 20 can be DC 
or AC. If the power, supply 20 is DC, a relatively 
high negative voltage is produced for creating a 
glow discharge or plasma in the space in front of 
the target 16. Such a DC power supply 20 gen- 
erates electrons that are eventually emitted from 
the target 16 through the plasma, as hereinbelow 
described. A suitable DC power supply can be 
obtained from Leybold-Heraeus Technology, Inc. 
as Model Number SSV-15. 

Alternatively, the power supply 20 can be one 
that generates alternating current When that is the 
case, an impedance matching network, not shown, 
may be required to operate the system beyond a 
certain frequency. It should be understood, how- 
ever, that the present invention can be implement- 
ed at lower AC frequencies. A suitable AC power 
supply 20 is available, for example, from RF Plas- 
ma Products. Connected to second target assem- 
bly 19a is a second power supply 22 which has the 
same characteristics as the first power supply 20. 
The characteristics of both power supplies 20 and 
22 need not be identical, however, for purposes of 
this invention. Thus, it is entirely conceivable that 
the first power supply 20 might be a DC device 
while the second power supply 22 might be an AC 
device. 



A source of inert gas 23, such as argon, is 
provided so that gas, not shown, can be introduced 
by means of a tube or pipe 23a into the chamber 
10 during operation of the system. The inert gas is 
5 ionized by the electrons emitted from the first 
target 16 and second target 18, thus forming plas- 
ma. 

It should be understood that gases other than 
inert gases are suitable for use in a system such 
70 as this. In fact, such gases may be used to form 
the resulting composition of the deposited film. 
When this objective is sought, a reactive gas (e.g., 
oxygen) is introduced through the tube 23a into the 
. chamber 10. Two different target materials, such as 
75 chromium and copper, may be used to create a 
copper-chromium oxide or an alloy of chromium 
oxide and copper oxide. 

Oppositely disposed to the target assemblies 
19 and 19a is a substrate 24. The substrate 24 can 
20 be made of a relatively firm layer of glass epoxy, 
for example, to be used as an nonconducting car- 
rier of an electrical circuit, not shown. Alternatively, 
especially for purposes of continuous processing, 
the substrate 24 can be flexible for ease of han- 
25 diing after alloy deposition. Similarly, the substrate 
24 can be formed either of an organic (e.g., 
polyimide) or an inorganic material and, in fact, can 
be conductive. 

in the preferred embodiment of this invention, 
30 the substrate 24 is disposed on a carrier 26, adapt- 
ed to move by suitable and conventional means, 
not shown. The substrate 24 is thus permitted to 
move relative to the target assemblies 1 9 and 1 9a. 
The speed of substrate travel can be adjusted as 
35 required and is dependent upon the desired char- 
acteristics of resulting deposited material. More- 
over, the substrate 24 can be moved in any direc- 
tion relative to the target assemblies 19 and 19a, 
including the X, Y or Z direction or combinations 
40 thereof. 

A shield 28 is provided perpendicular to the 
substrate 24 to divide the area surrounding the first 
target assembly 19 from the area surrounding the 
second target assembly 19a. The shield 28 can be 
45 fabricated from stainless steel or copper and 
should be electrically grounded. The shield 28 sep- 
arates material emitted from one target (e.g., target 
16) from material emitted from the other target (e.g. 
target 18) and prevents material from one target 
so from interacting with or being deposited on the 
other target 

A second shield 30 is disposed generally par- 
allel to the substrate 24. This shield 30, also of 
stainless steel or copper and also grounded, iso- 
55 lates portions of the substrate 24 and prevents 
predetermined substrate areas from receiving con- 
centrated material from one or the other target 16 
and 18. If the substrate 24 is relatively small in 
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comparison to the size of the targets 16 and 18, 
then the shielding 30 would not be necessary, 
since a uniform alloy could then be formed over 
the entire substrate 24. But the configuration and 
relative sizes of target assemblies 19 and 19a and 
substrate 24 shown in FIGURE 1 necessitate the 
shield 30 to ensure uniform and homogeneous 
alloy deposition onto the substrate 24. 

It should be understood that a cooling system, 
not shown, such as water cooling, can be used in 
conjunction with the shield 30 in order to reduce 
the temperature of the substrate 24 while process- 
ing thereof. Moreover, means for generating a posi- 
tive electrical bias, not shown, may also be pro- 
vided to positively bias the shield 30 in order to 
trap electrons during processing. 

The configuration of the shield 30 should be 
suitable for the particular purpose of the operator, 
in a continuous process, for example, the shield 30 
would allow an area of the substrate to be coated 
by an alloy, if required, while allowing a more 
concentrated amount of a particular target materia! 
to be deposited onto another portion (e.g., the 
edge) of the substrate 24. Such a system would be 
useful, for example, when the characteristics of the 
deposited material must vary from the center of the 
substrate 24 to the edges thereof. 

Alternatively, the shield 30 may be configured 
to allow an initial film of one composition to be 
deposited fir§t, such composition being different 
than that of the rest of the deposited film. For 
example, the initial deposited composition may be 
a strict alloy, but as the substrate 24 is moved by 
its carrier 26, the composition of deposited material 
becomes more concentrated in one target material. 
Thus, an initial layer of highly adhesive alloy, for 
example, could be formed directly in contact with 
the substrate 24, while the adhesive alloy could 
blend gradually into a different composition that 
would form the bulk of the deposited material. 

In operation, the first and second power sup- 
plies 20 and 22 provide electrons to the target 
assemblies -19 and 19a. Electrons from the targets 
16 and 18 accumulate on and are emitted from the 
surface thereof. The emitted electrons collide with 
and ionize the argon atoms that are present in the 
vacuum chamber 10. The resulting argon ions, 
being positively charged, are then extracted to the 
negatively charged target surfaces 16 and 18 with 
such force that they cause ejection (sputtering) of 
atoms shown generally at reference numerals 32 
and 34 from the targets 16 and 18, respectively. 
The ionization process produces a glow discharge 
or plasma in the area shown generally' at reference 
numerals 36 and 38. 



When the target atoms 32 and 34 condense 
onto the surface of the substrate 24 substantially 
simultaneously, an alloy is created. The alloy forms 
a thin film 42 on the substrate 24. 
5 With low temperature, low pressure sputtering 

processes, the emission of atoms 32 and 34 from 
the targets 16 and 18 occurs primarily in a line of 
sight manner. That is, atoms 32 move from a target 
16 to the substrate 24 generally without colliding 
io with one another or with atoms of the sputter gas. 
When a shield 30 is placed between the line of 
sight atom source (target 16) and the substrate 24, 
no atoms from the target 16 are deposited in the 
area shaded by the shield 30. The shaded area is 

75 depicted at reference numeral 44. Thus, if the 
shielding is configured in such a way as to allow 
material from the first and second targets 16 and 
18 to reach the substrate 24 simultaneously, a film 
of alloy 42 substantially uniform throughout its 

20 thickness will be deposited. 

In the preferred embodiment, a magnetron is 
used as the target assembly 19. In the cross sec- 
tional view of FIGURE 1, two points 45 and 46 
represent the localized target sites from which 

25 atoms 32 are emitted. When a magnetron is not 
used, however, a uniform emission of atoms occurs 
over the surface of each target 16 and 18. A 
magnetron allows proper operation at lower pres- 
sure in the chamber 10 which results in a greater 

30 mean free path for the atoms 32 that eventually 
bombard the substrate 24. The target atoms in a 
sputtering system obey the so-called cosine law as 
mentioned hereinabove, according to which most of 
the atoms 32 are emitted perpendicular to the 

35 plane of the target 16. That principle, in combina- 
tion with low pressure, results in a focusing of the 
atoms 32 onto the substrate 24. Thus, if two or 
more targets 16 and 18 are oriented to allow for 
focusing on a small area of substrate 24, the result 

40 is a uniform thin film 42 that consists of the same 
percentage of first target material 16 and second 
target material 18 throughout the thickness of the 
thin film. That is to say, the thin film 42 will be 
homogeneous and uniform throughout its depth. 

45 The composition of the resulting alloy is directly 
dependent on the rate of arrival of atoms from the 
first target 16 versus the rate of arrival of atoms 
from the second target 18. That is, the proportion- 
ally greater the number of atoms from one target 

so that impinge on the substrate 24, the correspond- 
ingly higher percentage of that target's material will 
be present in the resulting alloy 42. The rate of 
atom deposition from each of the targets 16 and 18 
is dependent upon the respective power supplied 

55 by power sources 20 and 22 connected thereto, 
the natural sputtering characteristics of the ma- 
terial, and finally the relative distance between the 
substrate 24 and each target. 
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By adjusting the shields 28 and 30 and moving 
the substrate 24 relative to the target assemblies 
19 and 19a by means of the movable carrier 26, a 
film 42 of substantially pure materia! from one of 
the targets 16 or 18 can be deposited directly on 
the substrate 24 initially. Such a film 42 may pos- 
sess favorable adhesion characteristics, for exam- 
ple. Subsequent shield 28 and 30 and substrate 24 
maneuvering relative to the target assemblies 19 
and 19a can then result in another layer of alloy or 
mixture being deposited on the first pure layer 42. 
The second layer, not separately shown in FIGURE 
1, may have desirable characteristics (e.g., elec- 
trical conductance) that do not necessarily include 
adhesiveness. Similarly, an operator may wish to 
deposit a first layer of film 42 comprising an alloy 
or mixture of the target materials 16 and 18 directly 
on the substrate 24 and to deposit a subsequent 
layer of substantially pure material from one of the 
targets 16 or 18 onto the first mixture layer 42. 
Variations of such procedures, including the depo- 
sition or three or more layers using two or more 
target materials and/or allowing the transitions be- 
tween layers to be gradual or abrupt, resulting in 
integrated or discrete layers respectively, are con- 
sidered to be within the scope of the present 
invention. 

Since other modifications and changes varied 
to fit particular operating requirements and environ- 
ments will be apparent to those skilled in the art, 
the invention is not considered limited to the exam- 
ple chosen for purposes of disclosure, and covers 
all changes and modifications which do not con- 
stitute departures from the true spirit and scope of 
this invention. 



Claims 

1. A system for creating a vacuum deposited 
alloy on a substrate having a surface with a major 
axis comprising: 

a) a sputtering chamber having a gas therein 
and being capable of sustaining a relatively high 
vacuum; 

b) two target electrodes disposed in said 
chamber, the first of said target electrodes com- 
prising a first material and the second of said target 
electrodes comprising a second material different 
than said first material; 

c) means for supplying electrical power to 
said electrodes to initiate sputtering activity thereof; 
and 

d) said targets being focused with respect to 
said substrate so that a single' layer of alloy of said 
electrode materials can be formed on said sub- 



strate, sad layer of alloy being substantially uni- 
form at all points perpendicular to said substrate 
surface major axis. 

2. The system in accordance with claim 1 
5 wherein the target forming material consists of an 

electrical insulator or conductor, e.g. a material of 
the group chromium, copper, palladium, nickel, ce- 
ramic, gold, silver, semiconductor material, such as 
doped silicon dioxide or gallium arsenide, or an 
70 alloy being composed of two or more elements. 

3. The system in accordance with claim 1 or 2 
wherein each of said electrodes consists essen- 
tially of one material. 

4. The system in accordance with any one of 
15 claims 1 to 3 further comprising shielding means 

disposed between said target electrodes and said 
substrate. 

5. The system in accordance with any one of 
claims 1 to 4 further comprising a variable power 

20 control operatively connected to the target elec- 
trodes for providing power thereto, supplying al- 
ternating, like radio frequency, or direct voltage and 
optionally being operated independently with re- 
spect to one another. 

25 6. The system in accordance with any one of 

claims 1 to 5 further comprising an additional target 
electrode, said additional target electrode compris- 
ing a material different than that of either of said 
two target electrodes, to form a resultant alloy 

30 comprising three materials. 

7. The system in accordance with any one of 
claims 1 to 6 wherein said substrate is adapted to 
move relative to each of said target electrodes. 

8. Apparatus for manufacturing a vacuum de- 
35 posited composition comprising: 

a) a vacuum chamber; 

b) a platform disposed in said vacuum 
chamber for receiving a thin film; 

c) two target electrodes disposed in said 
40 vacuum chamber in spaced apart relationship with 

respect to one another and with respect to said 
platform, the first of said target electrodes compris- 
ing a first material and the second of said target 
electrodes comprising a second material; and 

45 d) means for introducing a reactive gas into 

said chamber so that when electrical power is 
applied to said target electrodes, a substantially 
homogeneous thin film composition comprising 
said first and second materials and said reactive 

so gas can be formed on said platform. 

9. The apparatus in accordance with claim 8 
wherein one of said target material comprises a 
metal and said reactive gas comprises oxygen. 

10. The apparatus in accordance with claim 8 
55 or 9 further comprising: 

e) a first power supply operatively connected 
to said first target electrode for initiating sputtering 
thereof; and 
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f) a second power supply operatively con- 
nected to said first target electrode for initiating 
sputtering thereof. 

1 1 . Apparatus for producing a composition hav- 
ing two major components comprising: 5 

a) a vacuum chamber; 

b) a substrate having an upper surface dis- 
posed in said vacuum chamber; and 

c) a target assembly disposed in said vacu- 
um chamber opposite said substrate, said target 10 
assembly comprising two discrete portions, one of 

said portions being formed of a first substantially 
pure molecular component and the other of said 
portions being formed of a second substantially 
pure molecular component, both of said portions is 
being focused on said upper surface of said sub- 
strate for sputter depositing thereon a composition 
comprising said first and second molecular compo- 
nents when power is applied to both of said por- 
tions of said target assembly with sufficient inten- 20 
sity to cause sputtering thereof. 

12. Application of an apparatus in accordance 
with any one of the preceding claims for creating a 
vacuum deposited alloy or composition where -if 
desired -on top of or underlaying the alloy or 25 
composition a layer of material of one of said target 
electrodes is formed. 
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